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����������	
�
�� 6KDSLUR :�� 0XUUD\ )�� +RZDUWK 5�� )XVDUR 5� ´6SDFH 0HFKDQLVPV /HVVRQV /HDUQHG 6WXG\� 9ROXPH ��

6XPPDU\µ� &OHYHODQG �2KLR�� 1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ� ����� ��� S� 1$6$ 70�
�������

�� 6KDSLUR :�� 0XUUD\ )�� +RZDUWK 5�� )XVDUR 5� ´6SDFH 0HFKDQLVPV /HVVRQV /HDUQHG 6WXG\� 9ROXPH ��
/LWHUDWXUH 5HYLHZµ� &OHYHODQG �2KLR�� 1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ� ����� ��� S� 1$6$
70��������

�� -RQHV� :� 5� -U�� -DQVHQ� 0� -� ´6SDFH 7ULERORJ\µ� 0RGHUQ 7ULERORJ\ +DQGERRN 9RO� ,,� SS ���������� &5&
3UHVV� 1HZ <RUN� �����

�� 6KLPRPXUD 7�� 8UDQR +�� 2KWVXNL 0� ´'HYHORSPHQW RI &HUDPLF %DOO %HDULQJV IRU 0DFKLQH 7RROV
$SSOLFDWLRQµ� 3URFHHGLQJV RI WKH 6\PSRVLXP RQ 5ROOLQJ (OHPHQW %HDULQJV� $670 &RPPLWWHH )���� 2UODQGR
�)ORULGD�� ����� $SULO ����� SS� ������

�� 5REHUWV 0� µ$ VWXG\ RI 2LO &LUFXODWLRQ LQ WKH 5�� 6SLQ�$[LV %HDULQJV ZLWK 6LQWHUHG 1\ORQ %DOO 5HWDLQHUµ�
&DPEULGJH �0DVVDFKXVHWWV�� 7KH &KDUOHV 6WDUN 'UDSHU /DERUDWRU\� ����� �� S� 5HSRUW 0,7 (������

�� =DUHWVN\ (� 9� ´/LTXLG /XEULFDWLRQ LQ 6SDFHµ� 7ULERORJ\ ,QWHUQDWLRQDO� YROXPH ��� Q��� $SULO ����� SS� ������
�� &DUUp '� -� 3URFHHGLQJV RI WKH �WK (XURSHDQ 6SDFH 0HFKDQLVPV DQG 7ULERORJ\ 6\PSRVLXP� 7RXORXVH� ��

6HSWHPEHU � �VW 2FWREHU ����� 1RRUGZLMN �1HWKHUODQGV�� (6$ 3XEOLFDWLRQV 'LYLVLRQ� ����� SS� ������
�� %HUWUDQG 3�$�� &DUUp '�-�� %DXHU 5� 7ULERORJ\ 7UDQVDFWLRQV� YRO� �� ������� Q� �� SS� ��������
�� %HUWUDQG 3�$�� &DUUp '�-� 7ULERORJ\ 7UDQVDFWLRQV� YRO� �� ������� Q� �� SS� ��������
��� )RWH $� $�� 6ODGH 5� $�� )HXHUVWHLQ 6� ´7KH %HKDYLRU RI 7KLQ 2LO )LOPV LQ WKH 3UHVHQFH RI 3RURXV /XEULFDQW

5HVHUYRLUVµ� :HDU� ����� YROXPH ��� SS� ��������
��� 0RUJDQ 9� 7�� &DPHURQ $� µ0HFKDQLVP RI /XEULFDWLRQ LQ 3RURXV 0HWDO %HDULQJVµ� 3URFHHGLQJV RI

&RQIHUHQFH /XEULFDWLRQ DQG :HDU� /RQGRQ �(QJODQG�� 2FWREHU ����� SS� ��������
��� 6FKXOLHQ +� (� µ6N\ODE &RQWURO 0RPHQW *\UR� D 'HVFULSWLRQ RI WKH ,QQHU *LPEDO DQG 5RWRU $VVHPEO\ DQG

LWV /XEULFDWLRQ 6\VWHPµ� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO %DOO�%HDULQJV 6\PSRVLXP� &DPEULGJH
�0DVVDFKXVHWWV�� ��� -XQH ����� SS� �����

��� 5RFNKRZHU %� ´&HQWULIXJDO :LSHU /XEULFDWLRQ RI )XOO�&RPSOHPHQW %DOO %HDULQJVµ� 3URFHHGLQJV RI WKH
,QWHUQDWLRQDO %DOO�%HDULQJV 6\PSRVLXP� &DPEULGJH �0DVVDFKXVHWWV�� ��� -XQH ����� $UWLFOH (������

��� 6WXUWLYDQW *� -� ´5HVXOWV RI D �� 1PV 5HDFWLRQ :KHHO 7HVW 3URJUDP� ,QFOXGLQJ 7HVWV RQ D 1\ORQ 3RUH
/XEULFDWLRQ 6\VWHPµ� 3URFHHGLQJV RI WKH �QG (XURSHDQ 6SDFH 0HFKDQLVPV DQG 7ULERORJ\ 6\PSRVLXP�
0HHUVEXUJ �*HUPDQ\�� ���� 2FWREHU ����� 1RRUGZLMN �1HWKHUODQGV� � (6$� ����� SS� ��������

��� *UDQ]RZ 0� ´7ULERORJLFDO 'HVLJQ RI 0HGLXP�6SHHG 0HFKDQLVP �060� IRU 'HVSLQ $QWHQQDVµ� 3URFHHGLQJV
RI WKH �VW (XURSHDQ 6SDFH 7ULERORJ\ 6\PSRVLXP� )UDVFDWL� ,WDO\� ���� $SULO ����� SS� ��������

��� *ODVVRZ )� $� ´'HVSLQ %HDULQJ 7HFKQRORJ\ DQG $SSOLFDWLRQV IRU &RPPXQLFDWLRQV 6DWHOOLWHVµ� �UG &RQIHUHQFH
RI $PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLFV �&RPPXQLFDWLRQV 6DWHOOLWH 6\VWHPV�� /RV $QJHOHV
�&DOLIRUQLD��� ��� $SULO ����� SS� ��������

��� $OOHQ 7� ´2SWLFDO &KRSSHU $VVHPEO\ IRU WKH 0DUV 2EVHUYHUµ� 3URFHHGLQJV RI WKH ��WK $HURVSDFH 0HFKDQLVPV
6\PSRVLXP� 0RIIHW )LHOG �&DOLIRUQLD�� ����� 0D\ ����� SS� ��������

��� 9RVV 7� /W�� 6LQJHU +� %� ´*���� %HDULQJ 7HFKQRORJ\ ,PSURYHPHQW 3URJUDPµ� 3URFHHGLQJV RI WKH
,QWHUQDWLRQDO %DOO�%HDULQJV 6\PSRVLXP� &DPEULGJH �0DVVDFKXVHWWV�� ��� -XQH ����� $UWLFOH (������

��� .LVVHO -� :�� 6QHGLNHU ' .� ´$ 6WXG\ RI )ULFWLRQ &KDUDFWHULVWLFV RI 6RPH 3RURXV %HDULQJ &DJH 0DWHULDOVµ�
$6/( 7UDQVDFWLRQV� ����� YROXPH ��� Q� �� SS� ��������

��� &KULVW\ 5� ,�� 0HHNV &� 5� ´3RO\XUHWKDQH 5HWDLQHUV IRU %DOO %HDULQJVµ� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO %DOO
%HDULQJ 6\PSRVLXP� &DPEULGJH �0DVVDFKXVHWWV�� ��� -XQH ����� SS� �����

��� 0HXULVVH 0� +�� *LXGLFHOOL %� µ$ �' &RQVHUYDWLYH 0RGHO IRU 6HOI�/XEULFDWHG 3RURXV -RXUQDO %HDULQJV LQ D
+\GURG\QDPLF 6WHDG\ 6WDWHµ� -RXUQDO RI 7ULERORJ\� ����� YROXPH ���� Q� �� SS� ��������

��� 0DUFKHWWL 0��� 0HXULVVH 0��+� 9HUJQH 3�� 6LFUH -�� 'XUDQG 0� 3URFHHGLQJV RI WKH ��WK /HHGV�/\RQ
6\PSRVLXP� /HHGV� ��� 6HSW� ����� SS� �������

��� 0DUFKHWWL 0�� 0HXULVVH 0��+� 9HUJQH 3�� 6LFUH -�� 'XUDQG 0� 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 7ULERORJ\
&RQIHUHQFH� 1DJDVDNL� �� 2FW�� � 1RY� ����� SS� ����������

��� -DPLVRQ :� (� ´$SSOLFDWLRQV RI 0LFURSRURXV 3RO\PHU /XEULFDQWVµ� /XEULFDWLRQ (QJLQHHULQJ� ����� YROXPH
��� Q���� SS� ��������

��� /LX -LDQKDL� )DQ <RXZHQ� :HQ 6KL]KX� ´$Q ([SHULPHQWDO 6WXG\ RQ 2LO 6XSSO\ LQ D 6SDFH %HDULQJ ZLWK DQ 2LO�
,PSUHJQDWHG 5HWDLQHUµ� :HDU� ����� YROXPH ���� Q� �� SS� ��������
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��� )RWH $� $� ´0LJUDWLRQ RI $SLH]RQ & RQ 0HWDO 6XEVWUDWHV XQGHU WKH ,QIOXHQFH RI 7HPSHUDWXUH *UDGLHQWV�
0DWKHPDWLFDO 0RGHOµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH $HURVSDFH &RUSRUDWLRQ� ����� �� S� 5HSRUW Q�$'�$
�������

��� )RWH $� $�� 6ODGH 5� $� )HXHUVWHLQ 6� ´%DUULHUV WR WKH VXUIDFH 7UDQVSRUW RI 2LOµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH
$HURVSDFH &RUSRUDWLRQ� ����� �� S� 5HSRUW Q�$'�$ �������

��� )RWH $� $�� 6ODGH 5� $� ´7KH 5ROH RI /XEULFDQW 7\SH DQG 6XEVWUDWH &RPSRVLWLRQ LQ WKHUPDOO\ ,QGXFHG 2LO
0LJUDWLRQµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH $HURVSDFH &RUSRUDWLRQ� ����� �� S� 5HSRUW $'�$ �������

��� )RWH $� $�� 6ODGH 5� $�� )HXHUVWHLQ 6� ´6XUIDFH WUDQVSRUW RI 2LO LQ WKH 3UHVHQFH RI 1\ODVLQW DQG 0LFUR�:HOO
5HVHUYRLUVµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH $HURVSDFH &RUSRUDWLRQ� ����� �� S� 5HSRUW Q�$'�$ �������

��� /HYLFK 9�*� 3K\VLFRFKHPLFDO +\GURG\QDPLFV� (QJOHZRRG &OLIIV �1HZ -HUVH\�� 3UHQWLFH�+DOO� ,QF�� �����
��� S�

��� 3UDW 3� ´5DSSRUW GH 6\QWKqVH� (WXGH %LEOLRJUDSKLTXH� 5pDOLPHQWDWLRQ GH 0pFDQLVPHV /XEULILpV HQ $PELDQFH
6SDWLDOHµ� /\RQ �)UDQFH� � ,16$� ����� ��� S� &1(6 RUGHU Q�����&1(6������������

��� 6ODGH 5� $�� )RWH $� $�� )HXHUVWHLQ 6� ´7KHUPDOO\ ,QGXFHG 0LJUDWLRQ RI $SLH]RQ &� 7KH (IIHFWV RI 9DFXXP
DQG 6XUIDFH )LQLVKµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH $HURVSDFH &RUSRUDWLRQ� ����� �� S� 5HSRUW Q�$'�$
�������

��� .DWR� .�� )XQX\DPD� +�� 0L]XPRWR� 0� ´7KH )XQGDPHQWDO 3URSHUWLHV RI 7ULER�&RDWLQJ )LOPV LQ 8OWUD�KLJK
9DFXXPµ� 3URF� -DSDQ ,QWHUQ� 7ULER� &RQI�� 1DJR\D� -DSDQ� SS �������� �����

��� $GDFKL� .�� .DWR� .� ´7ULER�&RDWLQJ LQ 8OWUD�KLJK 9DFXXPµ� 3URF� ��WK -60( 6SULQJ $QQ� 0HHW�� SS ��������
�����

��� .DWR� .�� .LP� +�� $GDFKL� .�� )XUX\DPDQ� +� ´%DVLF 6WXG\ RI /XEULFDWLRQ E\ 7ULER�&RDWLQJ IRU 6SDFH
0DFKLQHVµ� 7UDQ� -DSDQ 6RFL� 2I 0HFK� (QJLQ�� ��� ���� SS ���������� �����

��� $GDFKL� .�� .DWR� .�� 2\DPDGD� 7� µ7ULER�&RDWLQJ IRU )ULFWLRQ &RQWURO LQ 8OWUD +LJK 9DFXXPµ� ,QWHU� 6\PS�
)RU +LJK 3HUI� 7ULER�� 7DHJX� .RUHD� SS ������ 0D\ ������ �����

��� -RQHV :� 5� -U�� 3HSSHU 6� 9�� -DQVHQ 0� -� ´'HYHORSPHQW RI DQ ,Q�6LWX /LTXLG /XEULFDWLRQ 6\VWHP IRU 6SDFH
0HFKDQLVPVµ� �70 WR EH SXEOLVKHG�

��� -DQVHQ� 0� -�� -RQHV� :� 5�� -U�� 3HSSHU� 6� 9�� 3UHGPRUH� 5� (�� 6KRJULQ� %� $�� ´(+/ 7UDQVLWLRQ 7HPSHUDWXUH
0HDVXUHPHQWV RQ D *HRVWDWLRQDU\ 2SHUDWLRQDO (QYLURQPHQWDO 6DWHOOLWH �*2(6� )LOWHU :KHHO %HDULQJµ�
1$6$ 70������������� -DQXDU\ �����

��� .RQFKLWV� 9� 9�� 0\VKNLQ� 1� .�� ´(YDOXDWLRQ RI WKH ,QWHUIDFH DW %RXQGDU\ /XEULFDWLRQ 8VLQJ WKH
0HDVXUHPHQW RI (OHFWULF &RQGXFWLYLW\µ� :HDU� ���� ������ �����

��� .LQJVEXU\ (� 3� ´%DOO�%DOO /RDG &DUU\LQJ &DSDFLW\ LQ 5HWDLQHUOHVV $QJXODU�&RQWDFW %HDULQJVµ� -� RI /XE�
7HFK� ���� ������� SS� ��������

��� 'HORWWH (�� .LQJVEXU\ (� 3�� 3ULFH 5�� 6LQJHU +� ´,PSDFW 7HVWLQJ RI 5ROOLQJ (OHPHQW 7RXFKGRZQ %HDULQJVµ�
3URFHHGLQJV RI WKH 6\PSRVLXP RQ 5ROOLQJ (OHPHQW %HDULQJV� $670 &RPPLWWHH )���� 2UODQGR �)ORULGD��
����� $SULO ����� SS� ������

��� 0DF1HLOO *� )� ´3RURXV 0DWHULDOV 'HYHORSPHQW IRU ,QVWUXPHQW %DOO�%HDULQJ 5HWDLQHU $SSOLFDWLRQVµ�
&DPEULGJH �0DVVDFKXVHWWV�� 7KH &KDUOHV 6WDUN 'UDSHU /DERUDWRU\� ����� �� S� 5HSRUW 0,7 (������

��� 3RZHUV &� (� ´7KH $GYDQFHG 0LFURZDYH 6RXQGLQJ 8QLW�$� $QWHQQD �� %HDULQJ $VVHPEO\ /LIH 7HVWµ�
3URFHHGLQJV RI WKH ��VW $HURVSDFH 0HFKDQLVPV 6\PSRVLXP� +XQWVYLOOH �$ODEDPD�� ����� 0D\ �����
SS� ������

��� 3UDW 3�� 6X]XNL 0�� 0DWVXPRWR .� ´2XWJDVVLQJ DQG OLIHWLPH 3HUIRUPDQFH RI %HDULQJV ,PSUHJQDWHG ZLWK 6SDFH
/XEULFDQWVµ� 3URFHHGLQJV RI WKH -DSDQHVH 6SULQJ 0HHWLQJ IRU 7ULERORJ\� 7RN\R� -DSDQ� ����� 0D\ �����
SS� ��������

��� 6LQJHU ,� /� ´6ROLG /XEULFDWLRQ 3URFHVVHVµ� SS� �������� LQ ´)XQGDPHQWDOV RI )ULFWLRQ� 0DFURVFRSLF DQG
0LFURVFRSLF 3URFHVVHVµ� HGLWHG E\ 6LQJHU ,� /�� 3ROORFN +� 0�� 1$72 $6, 6HULHV� 6HULHV (� $SSOLHG 6FLHQFH�
9RO� ����

��� 6KRJULQ %� $�� -RQHV :� 5�� -U�� .LQJVEXU\ (� 3�� -DQVHQ 0� -�� 3UDKO -� 0� ´([SHULPHQWDO 6WXG\ RI /RDG
&DUU\LQJ &DSDFLW\ RI 3RLQW &RQWDFWV DW =HUR (QWUDLQPHQW 9HORFLW\µ� &OHYHODQG �2KLR�� 1DWLRQDO $HURQDXWLFV
DQG 6SDFH $GPLQLVWUDWLRQ� 2FWREHU ����� �� S� 5HSRUW 1$6$�70��������������

��� %HUWUDQG 3� $� ´$EVRUSWLRQ RI :DWHU DQG /XEULFDWLQJ 2LOV LQWR 3RURXV 1\ORQµ� (O 6HJXQGR �&DOLIRUQLD�� 7KH
$HURVSDFH &RUSRUDWLRQ� ����� 5HSRUW Q� 1$6$�&5��������

��� ,VUDHODFKYLOL -� 1� ´,QWHUPROHFXODU DQG 6XUIDFH )RUFHVµ� 2UODQGR� $FDGHPLF 3UHVV ,QF�� ����� ��� S�
��� 3UDW 3� ´&RQWULEXWLRQ j O
(WXGH GH OD /XEULILFDWLRQ )OXLGH HQ $PELDQFH 6SDWLDOH� $SSURFKH ([SpULPHQWDOH GH

OD 5pDOLPHQWDWLRQµ� 7KHVLV� ,QVWLWXW 1DWLRQDO GHV 6FLHQFHV $SSOLTXpHV GH /\RQ �)UDQFH�� �� )HEUXDU\ �����
��� S� �Q� �� ,6$/������
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Figure 1: GOES rig 

 
 

 
 
 

 
Figure 2: Lubricator attached to the inner ring of a full-complement ball bearing 
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Figure 3: Torque trace of a non lubricated ball bearing and time left for the in-situ, on-demand 
lubricator to correct the failure (load: 20 lb, speed: 200 RPM) 
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Figure 4: Torque trace of ball bearings with in-situ, on-demand lubricator with Krytox 143AB 
(load: 20 lb, speed: 420 RPM) 
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Figure 5: Torque trace of ball bearings (load: 20 lb, speed: 200 RPM) with in-situ, on-demand 
lubricator with NYE 2001 
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Figure 6: Torque trace of ball bearings (load: 20 lb, speed: 200 RPM) with reactivation of the 
in-situ, on-demand lubricator with NYE 2001 

 



NASA/TM—2002-211706 15 

 
te

m
pe

ra
tu

re
 (°

C)
 

0

10

20

30

40

50

0 5000 10000 15000 20000

ball bearing temperature lubricator temperature lubricator status

power supply  off

off

on

 

time (s) 
 
 

Figure 7: Temperature of the lubricator and of the ball bearing during the test  
with the oil NYE 2001 
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